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SUMMARY 

Three g e n e r a l - a v i a t i o n  a i r p l a n e  specimens were c r a s h  tested a t  t h e  Langley 
impact dynamics r e s e a r c h  f a c i l i t y  under c o n t r o l l e d  f r e e - f l i g h t  c o n d i t i o n s .  The 
nominal test parameters were ground-contact  p i t c h  a n g l e s  of -15O (pitch-down),  
00 ( f l a t ) ,  and 15O (pi tch-up)  ; a f l i g h t - p a t h  a n g l e  o f  -1 5O; and a f l i g h t - p a t h  
v e l o c i t y  of 27 m/sec. The p i t c h  a n g l e  of  t h e  a i r p l a n e  w a s  t h e  o n l y  parameter  
v a r i e d ,  a l t h o u g h  o t h e r  f a c t o r s  such as f l i g h t - p a t h  a n g l e ,  r o l l ,  yaw, v e l o c i t y ,  
angular  rates, impact s u r f a c e s ,  and f i r e  can a f f e c t  a i r p l a n e  c r a s h  b e h a v i o r .  

The c r a s h  tests r e v e a l e d  t h r e e  d i f f e r e n t  dynamic r e a c t i o n s  a t  impact. The 
pitch-down test specimen made ground c o n t a c t  on t h e  f u s e l a g e  nose,  and a second 
impact or slam down o c c u r r e d  as t h e  f u s e l a g e  r o t a t e d  down and t h e  c a b i n  area 
c o n t a c t e d  t h e  ground; t h e  f l a t  test specimen made a s i n g l e  ground c o n t a c t  i n  
t h e  c a b i n  area; and t h e  p i tch-up  test specimen made ground c o n t a c t  on t h e  a f t  
end of t h e  f u s e l a g e  and rocked forward o n t o  t h e  nose.  The c a b i n  floor i n  t h e  
v i c i n i t y  o f  t h e  t h i r d  window l o c a t i o n  s u s t a i n e d  c o n s i d e r a b l y  more damage and 
h igher  a c c e l e r a t i o n s  i n  t h e  f l a t  and pi tch-up tes t  specimens t h a n  i n  t h e  p i t c h -  
down tes t  specimen. L i v a b l e  c a b i n  volumes were maintained i n  a l l  t h r e e  tests. 
The l o n g i t u d i n a l  a c c e l e r a t i o n s  on t h e  passenger-compartment f l o o r  were g r e a t e s t  
i n  t h e  f l a t  test specimen and lowest i n  t h e  pitch-down t e s t .  

The p h y s i c a l  damage to  t h e  passenger  compartment i n c r e a s e s  from t h e  p i t c h -  
down to t h e  pitch-up tes t  a t t i t u d e s .  This  i n c r e a s e  i n  p h y s i c a l  damage is 
accompanied by an i n c r e a s e  i n  s t r u c t u r a l  peak a c c e l e r a t i o n s  on t h e  f l o o r  of 
t h e  a i r p l a n e .  These peak a c c e l e r a t i o n s ,  however, do n o t  g e n e r a l l y  o c c u r  a t  
t h e  same l o c a t i o n s  on t h e  compartment f l o o r .  The peak p e l v i c  a c c e l e r a t i o n s  i n  
t h e  f i r s t - p a s s e n g e r  dummy decreased  a s  t h e  f u s e l a g e  s t r u c t u r a l  damage i n c r e a s e d .  

INTRODUCTION 

With t h e  r a p i d  growth of p r i v a t e  and commercial a i r  t r a f f i c  s i n c e  world 
War 11, i n c r e a s i n g  emphasis has  been focused  on t h e  c a u s e s  o f  passenger  i n j u r i e s  
and death i n  s e v e r e  b u t  p o t e n t i a l l y  s u r v i v a b l e  c r a s h e s .  NACA ( N a t i o n a l  Advisory 
Committee f o r  A e r o n a u t i c s ) ,  t h e  p r e d e c e s s o r  o f  NASA ( N a t i o n a l  Aeronaut ics  and 
Space A d m i n i s t r a t i o n )  , conducted a series o f  f u l l - s c a l e  a i r p l a n e  c r a s h  tests 
wi th  ins t rumented  dummies i n  t h e  e a r l y  1 9 5 0 ' s  ( refs .  1 and 2 ) .  These tests were 
performed by a c c e l e r a t i n g  t h e  a i r p l a n e  a l o n g  a h o r i z o n t a l  g u i d e  r a i l  and c r a s h i n g  
it i n t o  an e a r t h e n  mound. Later NACA s t u d i e s  on t h e  dynamic r e s p o n s e  of seat  
s t r u c t u r e s  to impact loads ( ref .  3 )  r e s u l t e d  i n  a CAA ( C i v i l  A e r o n a u t i c s  Admin- 
i s t r a t i o n )  update  i n  s ta t ic  s e a t - s t r e n g t h  requi rements .  The a i r p l a n e s  p r e v i o u s l y  
t e s t e d  by NACA, however, were n o t  s t r u c t u r a l l y  r e p r e s e n t a t i v e  of c u r r e n t  g e n e r a l -  
a v i a t i o n  a i r p l a n e s .  

I n  1973,  a j o i n t  g e n e r a l - a v i a t i o n  c r a s h - t e s t  program was i n i t i a t e d  by NASA 
and t h e  FAA (Federal A v i a t i o n  A d m i n i s t r a t i o n )  (ref.  4 ) .  A s  par t  o f  t h i s  new 
program, NASA Langley Research Center  is conduct ing  a series of f u l l - s c a l e  



c r a s h  tes ts  to  o b t a i n  in fo rma t ion  on a i r p l a n e  c r a s h e s  under c o n t r o l l e d  condi-  
t i o n s .  Two o b j e c t i v e s  of t h e  program are to unders tand  what happens i n s i d e  
modern a i r p l a n e s  d u r i n g  a s imula t ed  c r a s h  and to l e a r n  how v a r i o u s  c r a s h  param- 
eters a f f e c t  t h e  magnitude and p a t t e r n  of s t r u c t u r a l  damage. Th i s  i n fo rma t ion  
is e s s e n t i a l  for p r e d i c t i n g  s t r u c t u r a l  collapse and f o r  d e s i g n i n g  new concep t s  
f o r  seats, occupant  r e s t r a i n t  sys tems,  and c a b i n  i n t e r i o r s .  The v a r i a t i o n s  i n  
planned impact parameters for twin-engine a i r p l a n e s  are shown i n  t a b l e  I. 

There are c e r t a i n  l e t h a l  c r a s h e s  i n  which t h e  a i rplane s t r u c t u r e  is dam- 
aged beyond hope of occupant  s u r v i v a b i l i t y .  
d i r e c t e d  toward such c r a s h  c o n d i t i o n s ,  b u t  r a t h e r  toward t h o s e  c r a s h e s  i n  which 
t h e  a i r p l a n e  s t ructure  r e t a i n s  s u f f i c i e n t  c a b i n  volume and a potential  f o r  occu- 
p a n t  s u r v i v a b i l i t y .  

Lang ley ' s  c r a s h  s t u d i e s  are n o t  

Th i s  report d e s c r i b e s  t h e  r e s u l t s  o f  t h r e e  c r a s h  tests conducted wi th  nom- 
i n a l  ground-contact  p i t c h  a n g l e s  of -15O, Oo, and 15O, a nominal f l i g h t - p a t h  
a n g l e  of -15O, and a nominal f l i g h t - p a t h  v e l o c i t y  o f  27 m/sec. The e f f e c t  o f  
p i t c h  ang le  a t  impact is d i s c u s s e d  i n  terms of s t r u c t u r a l  damage and acceler- 
a t i o n s .  The e f f e c t s  o f  o t h e r  parameters such as r o l l ,  yaw, angu la r  ra tes ,  
f l i g h t - p a t h  v e l o c i t i e s ,  v a r i o u s  impact s u r f a c e s ,  and f i r e  are n o t  covered i n  
t h i s  report. The e f f e c t s  o f  impact v e l o c i t y ,  f l i g h t - p a t h  a n g l e ,  and r o l l  are 
d i s c u s s e d  i n  r e f e r e n c e s  5 to 7, r e s p e c t i v e l y .  

The p r e s e n t  tests were n o t  conducted to  evaluate t h e  c r a s h  dynamics of 
a specific a i r p l a n e  bu t  r a t h e r  to o b t a i n  a d a t a  base  of c r a s h  in fo rma t ion  on 
s t r u c t u r a l  damage and to assess a n a l y t i c a l  p r e d i c t i o n s  o f  s t r u c t u r a l  compo- 
n e n t s  and sea t /occupan t  behav io r .  A mot ion-p ic tu re  f i l m  supplement  of t h e s e  
tes ts  a t  t h e  t h r e e  d i f f e r e n t  p i t c h  a n g l e s  is a v a i l a b l e  on loan .  A request 
c a r d  form and a d e s c r i p t i o n  of t h e  f i l m  are found a t  t h e  back o f  t h i s  paper. 

TEST FACILITY AND PROCEDURES 

Fac i 1 i t y  

The c r a s h  tests were performed a t  t h e  Langley impact dynamics r e s e a r c h  
f a c i l i t y  shown i n  f i g u r e  1 .  The g a n t r y  is composed of t r u s s  e lements  a r r anged  
wi th  t h r e e  sets of i n c l i n e d  l e g s  to g i v e  v e r t i c a l  and l a t e r a l  s u p p o r t  and 
ano the r  set of i n c l i n e d  l e g s  to  p rov ide  l o n g i t u d i n a l  s u p p o r t .  The g a n t r y  is 
73 m h igh  and 122 m long .  The s u p p o r t i n g  l e g s  are sp read  81 m a p a r t  a t  t h e  
ground and 20 m apart  a t  t h e  66-m l e v e l .  An enc losed  e l e v a t o r  and a s t a i r w a y  
p rov ide  access to t h e  overhead work  p l a t f o r m s ,  and catwalks permit s a f e  tra- 
v e r s e  of t h e  upper l e v e l s  of t h e  g a n t r y .  A movable b r i d g e  spans  t h e  g a n t r y  a t  
t h e  66-m l e v e l  and t r a v e r s e s  t h e  l e n g t h  of t h e  g a n t r y .  Shown i n  f i g u r e  2 is 
a s k e t c h  o f  a f u l l - s c a l e  a i r p l a n e  specimen suspended from t h e  g a n t r y  i n  t h e  
ready  p o s i t i o n  to  be  swung o n t o  t h e  impact s u r f a c e .  The r e i n f o r c e d  c o n c r e t e  
impact s u r f a c e  w a s  s e l e c t e d  to p rov ide  r e p e a t a b i l i t y  f o r  t h e  test and to  allow 
comparison between tests conducted on t h e  same impact  s u r f a c e .  D e t a i l e d  i n f o r -  
mat ion on t h e  f a c i l i t y  systems necessa ry  to  c a r r y  o u t  a s u c c e s s f u l  a i r c r a f t  
c r a s h  test is r e p o r t e d  i n  r e f e r e n c e  8. 
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A i r p l a n e  Crash-Test Technique 

The test technique  used to c r a s h  t h e  a i r p l a n e  specimens is shown schemat- 
i c a l l y  i n  f i g u r e  3 .  The a i r p l a n e ,  suspended by t w o  swing c a b l e s  a t t a c h e d  to  
t h e  top of  t h e  g a n t r y ,  is drawn back above t h e  impact s u r f a c e  by a p u l l b a c k  
cable to a h e i g h t  of about  49 m. The test  sequence is i n i t i a t e d  when t h e  a i r -  
p l a n e  is r e l e a s e d  from t h e  p u l l b a c k  c a b l e .  The a i r p l a n e  swings pendulum s t y l e  
o n t o  t h e  impact s u r f a c e .  The swing c a b l e s  are p y r o t e c h n i c a l l y  s e p a r a t e d  from 
t h e  a i r p l a n e  when t h e  a i r p l a n e  is about  1 m above t h e  impact s u r f a c e  i n  o r d e r  
to free it from r e s t r a i n t  d u r i n g  t h e  c r a s h  impact. The u m b i l i c a l  cable remains 
a t t a c h e d  d u r i n g  t h e  impact f o r  d a t a  a c q u i s i t i o n  and is p y r o t e c h n i c a l l y  sepa- 
r a t e d  about  0.75 sec a f t e r  swing-cable s e p a r a t i o n .  

A i r p l a n e  Suspension System 

The a i r p l a n e  suspens ion  system used to  c o n t r o l  t h e  swing of t h e  a i r p l a n e  
is shown i n  f i g u r e  4 .  The swing and pul lback  cables connec t  to t h e  swing and 
pul lback  h a r n e s s e s .  The swing h a r n e s s  c o n s i s t s  of  t w o  swing-cable e x t e n s i o n s  
which a t t a c h  to t h e  wing hard p o i n t s  to support t h e  a i r p l a n e  and to  c o n t r o l  
roll. There are t w o  sets of p i t c h  c a b l e s  t h a t  connec t  to t h e  swing-cable  r i n g s  
and to f u s e l a g e  hard p o i n t s  fore and a f t  of t h e  a i r p l a n e  c e n t e r  of g r a v i t y  to 
control t h e  a n g l e  of a t t ack .  The i n t e r a c t i o n  of a l l  c a b l e s  i n  t h e  h a r n e s s  sys-  
t e m  is involved  i n  yaw c o n t r o l .  The pul lback  h a r n e s s  c o n s i s t s  of  t h e  t w o  har- 
ness  c a b l e s  a t t a c h e d  to t h e  wing hard p o i n t s  and to  t h e  p u l l b a c k  cable. A 
bar s p r e a d s  the  cables to clear t h e  f u s e l a g e .  The p u l l b a c k  c a b l e  a t t a c h e d  to  
t h i s  h a r n e s s  is used to  p u l l  t h e  a i r p l a n e  to  t h e  h e i g h t  n e c e s s a r y  to  produce 
an impact v e l o c i t y  o f  27 m / s e c  a long  t h e  f l i g h t  p a t h .  An u m b i l i c a l  cable l i n k s  
t h e  accelerometers to  a d a t a - a c q u i s i t i o n  system l o c a t e d  i n  a b u i l d i n g  a d j a c e n t  
to t h e  g a n t r y .  

T e s t  Parameters  

The f l i g h t - p a t h  a n g l e  and a t t i t u d e  a n g l e s  for t h e  a i r p l a n e  are  i d e n t i f i e d  
i n  f i g u r e  5,  a long  w i t h  t h e  a x e s  and force d i r e c t i o n s .  The a c t u a l  t e s t  param- 
e te rs  for t h e  t h r e e  tests reported h e r e i n ,  a long  w i t h  photographs of t h e  impact 
a t t i t u d e  f o r  each a i r p l a n e  test  specimen, are p r e s e n t e d  i n  f i g u r e  6. All impact 
parameters were nominal ly  t h e  same, e x c e p t  f o r  a n g l e  of a t t ack  and p i t c h  a n g l e .  
For c o n s i s t e n c y  and b r e v i t y ,  each test and a i r p l a n e  specimen w i l l  h e r e a f t e r  be 
i d e n t i f i e d  by word d e s c r i p t i o n s  f o r  p i t c h  a n g l e  ( i . e . ,  pitch-down (-15O t e s t ) ,  
f l a t  (Oo t e s t ) ,  and p i tch-up  (15O t e s t ) ) ,  as i n d i c a t e d  i n  f i g u r e  6. The nominal 
f l i g h t - p a t h  v e l o c i t y  w a s  27 m / s e c  and is approximate ly  70 p e r c e n t  of  t h e  f l i g h t  
s t a l l  speed f o r  t h i s  type a i r p l a n e .  The dynamics of t h e  swing system c a u s e  
t h e  a i r p l a n e  to p i t c h  around its own c e n t e r  o f  g r a v i t y  a f te r  c a b l e  s e p a r a t i o n .  
The r e s u l t i n g  p i t c h i n g  v e l o c i t i e s  were 0.37 rad/sec f o r  t h e  pitch-down t e s t ,  
0.35 rad/sec for t h e  f l a t  test ,  and 0.62 rad/sec f o r  t h e  p i tch-up  tes t .  A f t e r  
cable s e p a r a t i o n ,  t h i s  p i t c h i n g  v e l o c i t y  r e s u l t s  i n  less t h a n  l o  o f  p i t c h  v a r i -  
a t i o n  a t  impact.  
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A i r p l a n e  T e s t  Specimen 

A i r p l a n e  specimens used  for t h e  tests were twin-engine,  g e n e r a l - a v i a t i o n  
types having a nominal mass of 2700 kg, w i t h  a c a p a c i t y  for s i x  occupants .  
(See f i g .  7.) The t h r e e  a i r p l a n e  specimens were stripped of a l l  i n t e r i o r  
i n s t r u m e n t s ,  u p h o l s t e r y ,  p a n e l s ,  and f l o o r b o a r d s  such  t h a t  t h e  basic test 
specimens c o n s i s t e d  of o n l y  t h e  f u s e l a g e  s t r u c t u r a l  s h e l l ,  wings w i t h  n a c e l l e  
f a i r i n g s ,  and l a n d i n g  g e a r  ( r e t r a c t e d  d u r i n g  t e s t ) .  The mass and c e n t e r  of 
g r a v i t y  of t h e  empennage were s i m u l a t e d  by t w o  c o n c e n t r a t e d  masses r e p r e s e n t i n g  
t h e  f in- rudder  and s t a b i l i z e r - e l e v a t o r  combina t ions .  The masses and c e n t e r  of 
g r a v i t i e s  of  t h e  e n g i n e s ,  propellers, s p i n n e r s ,  a i l e r o n s ,  and f laps  were also 
s i m u l a t e d  by c o n c e n t r a t e d  masses. The f u e l  cells were f i l l e d  w i t h  c o l o r e d  
water to s i m u l a t e  t h e  f u e l  mass and to h e l p  i d e n t i f y  any l e a k i n g  f u e l  cells  
d u r i n g  t h e  test .  S p o i l e r s  were a t t a c h e d  to t h e  wings to  minimize t h e  aerody- 
namic l i f t .  

The e x t e r i o r  and i n t e r i o r  of t h e  a i r p l a n e  specimens were p a i n t e d  to  
enhance t h e  photographic  c o n t r a s t ,  and b l a c k  l i n e s  were p a i n t e d  o v e r  r i v e t  
l i n e s  to  d e l i n e a t e  t h e  under ly ing  s t r u c t u r e .  

The t h r e e  a i r p l a n e  specimens were similar e x c e p t  i n  t h e  i n t e r i o r .  (See 
f i g s .  8 and 9 . )  The f i r s t - p a s s e n g e r  dummy, w i t h  a mass of  88 kg, t h e  seat ,  and 
t h e  f i v e - p o i n t  harness  r e s t r a i n t  system were t h e  same for a l l  t h r e e  specimens.  
The p i l o t  dummy, w i t h  a mass of 64  kg, and t h e  seat  were t h e  same f o r  a l l  t h r e e  
specimens; however, t h e  p i lo t  r e s t r a i n t  system f o r  t h e  f l a t  test c o n s i s t e d  of  a 
lap b e l t  and a s i n g l e  s h o u l d e r  s t rap  over  t h e  r i g h t  s h o u l d e r ,  whereas t h e  p i t c h -  
down and pi tch-up tests had l a p  b e l t s  and s i n g l e  s h o u l d e r  s t r a p s  over  t h e  l e f t  
s h o u l d e r s .  The copilot  (82 kg) and second-passenger dummies (88 kg) i n  t h e  
pitch-down test had l a p  b e l t  r e s t r a i n t s  o n l y .  The copilot dummies (66  k g ) ,  t h e  
seats, and t h e  h a r n e s s  systems were t h e  same for t h e  f l a t  and p i tch-up  tests; 
t h e  copilots were r e s t r a i n e d  w i t h  l ap  b e l t s  and s i n g l e  s h o u l d e r  straps over  t h e  
r i g h t  s h o u l d e r s .  The second p a s s e n g e r ,  w i t h  a mass of 88 kg, was r e s t r a i n e d  
w i t h  a s t a n d a r d  l ap  b e l t  and a s i n g l e  s h o u l d e r  s t rap o v e r  t h e  l e f t  s h o u l d e r  for 
t h e  f l a t  t e s t .  The p i tch-up  test d i d  n o t  have a dummy and seat i n  t h e  second- 
passenger  l o c a t i o n ,  b u t  they  were s i m u l a t e d  w i t h  l e a d  masses and a s i m u l a t e d  
seat  frame, a t  a combined mass of 91 kg. I n  a l l  t h r e e  specimens,  t h e  t h i r d  and 
f o u r t h  p a s s e n g e r s  were s i m u l a t e d  w i t h  a b a l a n c e  d i s t r i b u t i o n  of  l e a d  masses, 
b a t t e r i e s ,  p y r o t e c h n i c  programmers, and i n s t r u m e n t a t i o n  boxes ( ref .  7 ) .  

INSTRUMENTATION 

Onboard i n s t r u m e n t a t i o n  for o b t a i n i n g  d a t a  p e r t a i n i n g  to t h e  dynamic 
behavior  of t h e  a i r p l a n e  s t r u c t u r e ,  seats, and dummies c o n s i s t e d  o f  a c  accel- 
erometers and high-speed motion-picture  cameras. E x t e r n a l  p h o t o g r a p h i c  cov- 
e r a g e  of t h e  c r a s h  sequence w a s  p rovided  by t r a c k i n g  and f i x e d  mot ion-p ic ture  
cameras l o c a t e d  to t h e  port s i d e  of  t h e  t e s t  specimen and by f i x e d  motion- 
p i c t u r e  cameras i n  f r o n t  o f  and overhead o f  t h e  t es t  specimen ( f i g .  2 ) .  To 
o b t a i n  t h e  h o r i z o n t a l  v e l o c i t y  of t h e  test  specimen a t  impact, a Doppler r a d a r  
u n i t  was placed  on t h e  impact s u r f a c e ,  approximate ly  60 m a f t  of t h e  impact 
p o i n t ,  and t h e  s i g n a l  recorded  on one channel  o f  an  F M  tape r e c o r d e r .  
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The accelerometer l o c a t i o n s  common to a l l  t h r e e  a i r p l a n e s  are shown i n  
f i g u r e  10. The accelerometers were o r i e n t e d  a long  t h e  normal (2). l o n g i t u d i -  
n a l  (X), and t r a n s v e r s e  (Y) axes ,  as  shown i n  f i g u r e  5. Each l o c a t i o n  is 
des igna ted  by its g r i d  c o o r d i n a t e s  as fo l lows:  t h e  f i r s t  number i n d i c a t e s  
t h e  l o n g i t u d i n a l  c o o r d i n a t e ;  t h e  f i r s t  le t ter  i n d i c a t e s  t h e  normal c o o r d i n a t e  
( f l o o r  to r o o f )  ; t h e  second number i n d i c a t e s  t h e  t r a n s v e r s e  c o o r d i n a t e ;  t h e  
second le t ter  i n d i c a t e s  t h e  accelerometer o r i e n t a t i o n  wi th  respect to t h e  a i r -  
p l a n e  body-axis system. For example, t h e  normal accelerometer l o c a t i o n  on 
t h e  f l o o r  beam n e a r e s t  t h e  nose is des igna ted  2B9N. The normal, l o n g i t u d i n a l ,  
and t r a n s v e r s e  o r i e n t a t i o n s  a r e  des igna ted  as  N,  L, and T, r e s p e c t i v e l y .  The 
accelerometer l o c a t i o n s  and t h e  o r i e n t a t i o n s  i n  t h e  dummies are g iven  i n  t h e  
t a b l e  i n  f i g u r e  10. The o r i e n t a t i o n s  of t h e  accelerometers are g iven  i n  t h e  
d u m y ' s  body-axis system, and t h e  l o c a t i o n s  are g iven  i n  t h e  a i r p l a n e  g r i d  
c o o r d i n a t e  system. 

Data s i g n a l s  were t r a n s m i t t e d  through an u m b i l i c a l  c a b l e ,  to a j u n c t i o n  
box on top  of t h e  g a n t r y ,  and from t h e r e ,  through ha rd  w i r e ,  to  t h e  c o n t r o l  
room, where they  were recorded  on F M  t a p e  r e c o r d e r s  ( f i g .  2 ) .  To correlate t h e  
d a t a  s i g n a l s  on t h e  FM r e c o r d e r s  w i t h  t h e  e x t e r n a l  mot ion-p ic ture  camera d a t a ,  
a t i m e  code w a s  recorded  s imul t aneous ly  on t h e  magnet ic  t a p e  and on t h e  f i lm .  
There was also a t i m e  p u l s e  g e n e r a t o r  onboard t h e  a i r p l a n e  f o r  t h e  onboard 
cameras.  

The acce le romete r s  and da ta - r educ t ion  t echn iques  a r e  d e s c r i b e d  i n  ref- 
e rence  6.  The o u t p u t  of t h e  p i e z o e l e c t r i c  accelerometers e x h i b i t e d  v a r i o u s  
degrees  o f  z e r o  s h i f t  w i th  i n c r e a s i n g  t i m e .  T h i s  problem w a s  compounded by 
t h e  m u l t i p l i c i t y  of p u l s e s  to which each accelerometer w a s  s u b j e c t e d  du r ing  
t h e  tests. As a r e s u l t ,  t h e r e  is some unknown error i n  t h e  a b s o l u t e  v a l u e  of 
a c c e l e r a t i o n s  recorded a f t e r  t h e  f i r s t  p u l s e .  The f i r s t  a c c e l e r a t i o n  p u l s e s  
a r e  b e l i e v e d  to be a c c u r a t e  w i t h i n  log .  The f i r s t  d i s t i n c t  peaks  are  l a b e l e d  
on t h e  d a t a  p l o t s  p r e s e n t e d  i n  t h i s  report. 

RESULTS AND DISCUSSION 

Crash Dynamics 

A sequence of crash-test photographs for each a i r p l a n e  test  specimen is 
shown i n  f i g u r e  11 a t  0.05-sec i n t e r v a l s .  

The photographic  sequence f o r  t h e  pitch-down test  ( f i g .  11 ( a ) )  i l l u s t r a t e s  
t h e  c r a s h  dynamics of t h e  test  specimen, s t a r t i n g  a t  0.015 sec a f t e r  i n i t i a l  
ground c o n t a c t  a t  -12O p i t c h ,  w i th  v e l o c i t y  components of  26 m / s e c  h o r i z o n t a l  
and 7.5 m/sec v e r t i c a l  r e l a t i v e  to t h e  impact s u r f a c e  ( f i g .  6 ) .  I n i t i a l  ground 
c o n t a c t  is fo l lowed by t h e  c r u s h i n g  of t h e  nose and t h e  downward r o t a t i o n  of t h e  
a f t  end of  t h e  f u s e l a g e .  A second impact o c c u r s  as t h e  specimen slams down a t  
abou t  0.165 sec impar t ing  a d d i t i o n a l  impact loads normal to  t h e  f u s e l a g e  f loor .  
Th i s  impact causes t h e  f u s e l a g e  to expand i n  t h e  t r a n s v e r s e  d i r e c t i o n ,  r i p p i n g  
open t h e  f u s e l a g e  a long  t h e  windows and b reak ing  ( r i v e t  s h e a r )  t h e  f u s e l a g e  
overhead a t  t h e  frame behind t h e  p i l o t  about  0.215 sec i n t o  t h e  c r a s h .  
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The photographic  sequence for t h e  f l a t  test ( f i g .  l l ( b ) )  i n d i c a t e s  t h a t  
t h e  a i r p l a n e  f u s e l a g e  d i d  n o t  rotate d u r i n g  t h i s  c r a s h  b u t  s imply slammed i n  a t  
its i n i t i a l  4O p i t c h  a t t i t u d e ,  w i t h  v e l o c i t y  components of 26 m/sec h o r i z o n t a l  
and 7 m/sec v e r t i c a l  r e l a t i v e  to t h e  impact s u r f a c e  ( f i g .  6 ) .  The p o i n t  of 
impact w a s  near  t h e  door j u s t  a f t  of t h e  t h i r d  and f o u r t h  passenger  l o c a t i o n s  
where t h e  maximum damage o c c u r r e d  i n  t h e  f u s e l a g e  f loor.  

The photographic  sequence for t h e  p i tch-up  tes t  ( f ig .  l l ( c ) )  i l l u s t r a t e s  
t h e  test specimen c o n t a c t i n g  t h e  ground on t h e  lower a f t  section of t h e  f u s e l a g e  
a t  14O p i t c h ,  wi th  v e l o c i t y  components of 26 m/sec h o r i z o n t a l  and 7.5 m/sec ver -  
t i c a l  r e l a t i v e  to t h e  impact s u r f a c e  ( f i g .  6 ) .  During t h e  impact, t h e  a f t  sec- 
t i o n  o f  t h e  f u s e l a g e  exper ienced  c o n s i d e r a b l e  s t r u c t u r a l  damage, a l t h o u g h  t h e  
downward r o t a t i o n  of t h e  nose of t h e  specimen w a s  less s e v e r e  t h a n  t h e  downward 
r o t a t i o n  o f  t h e  a f t  end o f  t h e  f u s e l a g e  i n  t h e  pitch-down t e s t .  During s l i d e -  
o u t ,  t h e  specimen rocked forward,  w i t h  a minor second impact o c c u r r i n g  a t  
0.100 sec, and cont inued  to rock forward u n t i l  it w a s  s l i d i n g  on t h e  forward 
bottom s e c t i o n  of  t h e  f u s e l a g e .  It  e v e n t u a l l y  s e t t l e d  back o n t o  t h e  u n d e r s i d e  
of  t h e  c a b i n  compartment. 

Assessment o f  E x t e r i o r  Damage 

A p o s t c r a s h  comparison of  t h e  e x t e r i o r  damage s u s t a i n e d  by each o f  t h e  
t h r e e  test specimens is shown i n  f i g u r e s  12 to  15. The c a b l e s  and s t raps  noted 
around t h e  nose of  each specimen were p a r t  o f  t h e  a r r e s t i n g  system used to  s t o p  
t h e  a i r p l a n e  forward motion. The l i v a b l e  c a b i n  volume ( i .e . ,  a volume which 
remains s u f f i c i e n t  i n  s i z e  to m a i n t a i n  space between t h e  occupant  and t h e  s t r u c -  
t u r e )  was main ta ined  throughout  t h e  c r a s h  i n  each of  t h e  t h r e e  test specimens.  

Pitch-down test .-  The photograph of  t h e  t es t  specimen f o r  t h e  pitch-down 
test  ( f i g .  1 2 ( a ) )  shows e x t e n s i v e  buckl ing  damage to  t h e  lower par t  of t h e  fuse-  
l a g e  from t h e  nose to  t h e  f i r e  w a l l ,  which was t h e  pr imary  impact area. The sep- 
a r a t i o n  of  t h e  s k i n  a t  t h e  lower edge of t h e  windows on t h e  port  s i d e  w a s  caused 
by r i v e t - s h e a r  f a i l u r e  d u r i n g  t h e  slam down or second impact. The window break- 
age  also occurred  a t  t h i s  t i m e ;  however, t h e  p i l o t ' s  head impact ing t h e  window 
0.165 sec i n t o  t h e  c r a s h  ( f i g .  l l ( a ) )  may have c o n t r i b u t e d  to  side-window 
breakage  . 

A close-up view of  t h e  window s e c t i o n  of  t h e  specimen is p r e s e n t e d  i n  f i g -  
u r e  1 3 ( a ) .  The s e p a r a t i o n  i n  t h e  f u s e l a g e  a t  t h e  frame j u s t  a f t  of t h e  p i l o t  
is d i r e c t l y  over  t h e  main wing spar t h a t  p a s s e s  through t h e  f u s e l a g e .  T h i s  sep- 
a r a t i o n  occurred  a s  t h e  specimen t a i l  reached its lowest p o s i t i o n  d u r i n g  down- 
ward r o t a t i o n ,  which caused t h e  top of t h e  f u s e l a g e  to go i n t o  t e n s i l e  l o a d i n g ,  
t h u s  s h e a r i n g  t h e  r i v e t s  t h a t  a t t a c h  t h e  s k i n  to  t h e  f r u n e .  

F i g u r e  1 3 ( b )  shows t h e  r i v e t - s h e a r  f a i l u r e  under t h e  windows on t h e  s tar-  
board s i d e  of t h e  f u s e l a g e .  T h i s  type f a i l u r e  also occurred  i n  t h e  lower sec- 
t i o n  o f  t h e  f u s e l a g e  on t h e  s t a r b o a r d  s i d e  a t  t h e  frame forming t h e  l e a d i n g  edge 
of t h e  door on t h e  o p p o s i t e  s i d e .  The g r e a t e s t  r i v e t - s h e a r  damage o c c u r r e d  on 
t h e  port s i d e  o f  t h e  f u s e l a g e  ( f i g .  11 ( a )  and f i g .  1 3 ) .  
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The l a r g e  door opening on t h e  port side b r e a k s  t h e  c o n t i n u i t y  of t h e  
f u s e l a g e  s t r u c t u r e  to  make  it more susceptible to s t r u c t u r a l  b u c k l i n g  d u r i n g  
t h e  c r a s h .  During t h e  second impact, t h i s  p o r t - s i d e  weakness l e d  to  t e n s i l e  
l o a d i n g  of t h e  s t a r b o a r d  s i d e ,  which s h e a r e d  t h e  r i v e t s  t h a t  f a s t e n  t h e  s k i n  
to t h e  frame ( f i g .  1 3 ( b ) ) .  The small yaw a n g l e  of  l o  a t  i n i t i a l  ground con- 
t a c k  may have been a c o n t r i b u t i n g  f a c t o r  i n  t h e  more severe damage on  t h e  
port s i d e .  The door opened on second impact and d i d  n o t  c o n t r i b u t e  to  t h e  
s t r e n g t h  of t h e  s t r u c t u r e  on t h a t  side of t h e  f u s e l a g e .  

_____ F l a t  test.- The photograph o f  t h e  t e s t  specimen for t h e  f l a t  t es t  
( f i g .  1 2 ( b ) )  shows o n l y  s k i n  w r i n k l e s  i n  t h e  forward s e c t i o n  of  t h e  airplane 
specimen. The i n i t i a l  contact of  t h e  f u s e l a g e  w i t h  t h e  ground w a s  i n  t h e  
v i c i n i t y  of t h e  door .  The t ransverse  expansion of  t h e  f u s e l a g e  caused  sepa- 
r a t i o n  of t h e  s k i n  under t h e  windows, as i n  t h e  pitch-down t e s t ,  b u t  t h e  degree  
of s e p a r a t i o n  w a s  less. More severe lower f u s e l a g e  damage w a s  s u s t a i n e d  i n  t h e  
v i c i n i t y  of  t h e  t h i r d  window and extended rearward through t h e  baggage compart- 
ment a f t  o f  t h e  door ( f i g .  1 4 ) .  S e p a r a t i o n  of t h e  s k i n  a long  t h e  bottom o f  t h e  
windows on t h e  s t a r b o a r d  s i d e  of  t h e  f u s e l a g e  is shown i n  f i g u r e  1 4 ( a ) .  A s  i n  
t h e  pitch-down test ,  t h e  p o r t  s i d e  s u s t a i n e d  more r i v e t - s h e a r  damage a long  t h e  
windows t h a n  t h e  s t a r b o a r d  s i d e ,  t h u s  s u p p o r t i n g  t h e  c o n c l u s i o n  t h a t  t h e  door 
opening weakened t h e  f u s e l a g e  on t h e  p o r t  s i d e .  I n  t h i s  test ,  t h e  door opened 
immediately a f t e r  t h e  f i r s t  ground c o n t a c t .  

Pi tch-up test_.- The photograph of t h e  t es t  specimen f o r  t h e  p i tch-up  tes t  
( f i g .  1 2 ( c ) )  shows v e r y  l i t t l e  damage to  t h e  p o r t  s i d e  of  t h e  specimen. Small  
w r i n k l e s  or buckl ing  can  be noted  a t  t h e  nose near  t h e  f i r e  w a l l  and a f t  of t h e  
door .  S e p a r a t i o n  of  t h e  s k i n  under t h e  windows due to  r i v e t  s h e a r  is shown i n  
f i g u r e  1 5 ( a ) ,  b u t  w a s  no t  n e a r l y  a s  s e v e r e  as  i n  t h e  pitch-down and f l a t  tests.  
The pr imary impact o c c u r r e d  a long  t h e  a f t  f u s e l a g e  s e c t i o n  a t  t h e  baggage com- 
par tment .  The s e p a r a t i o n  and buckl ing  of  t h e  s k i n  on  t h e  bottom of  t h e  fuse-  
l a g e  a t  t h e  frame forming t h e  a f t  edge of  t h e  door was a r e s u l t  of t h e  t e n s i l e  
l o a d i n g  i n  t h e  bottom of  t h e  specimen a s  t h e  a f t  end of  t h e  specimen c o n t a c t e d  
t h e  ground. S e p a r a t i o n  of  t h e  s k i n  on t h e  s t a r b o a r d  s i d e  of  t h e  specimen is 
shown i n  f i g u r e  1 5 ( b ) .  The door opened immediately a f te r  i n i t i a l  ground con- 
t ac t  as it d i d  i n  t h e  f l a t  t es t .  

Assessment o f  I n t e r i o r  Damage 

The p o s t c r a s h  i n t e r i o r  damage s u s t a i n e d  by each of t h e  a i r p l a n e  specimens 
is p r e s e n t e d  w i t h  photographs  i n  f i g u r e s  1 6 ,  17 ,  and 18 .  These photographs and 
motion p i c t u r e s  show t h a t  t h e  l i v a b l e  volume w a s  main ta ined  i n  t h e  passenger  
and crew c a b i n  s e c t i o n s .  There w a s  some i n t r u s i o n  of  t h e  specimen floor s t r u c -  
t u r e  i n t o  t h e  c a b i n  i n  a l l  t h r e e  tests, and each specimen showed e v i d e n c e  of 
s i d e - w a l l  expansion d u r i n g  t h e  tests. 

Pitch-down test  .- The photograph from t h e  pitch-down test ( f i g .  16  (a)  w a s  
t a k e n - f r o m  t h e  a f t  end of t h e  f u s e l a g e  l o o k i n g  forward.  The i n t r u s i o n  of t h e  
f l o o r  s t r u c t u r e  i n t o  t h e  c a b i n  is shown by t h e  outward r o t a t e d  pos i t i on  of t h e  
seats. Because of t h e  c i r c u l a r  shape  of  t h e  bottom o f  t h e  f u s e l a g e ,  t h e  out -  
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board floor s t r u c t u r e s  were b e n t  down around t h e  t w o  l o n g i t u d i n a l  f l o o r  beams 
which made f i r s t  ground c o n t a c t .  Consequent ly  t h e  seats, dummies, and a l l  
items outboard  of t h e  floor beams rotated outward.  

T h i s  r o t a t i o n ,  t o g e t h e r  w i t h  t h e  coun te rc lockwise  r o t a t i o n  of t h e  p i l o t ' s  
body around t h e  r e s t r a i n t  s t rap c r o s s i n g  t h e  l e f t  shou lde r  ( f i g .  9 ( a ) ) ,  was 
r e s p o n s i b l e  for t h e  p i lo t ' s  head impact ing  t h e  side window, c o n t r i b u t i n g  to 
window breakage. The buck le s  i n  t h e  door frame r e s u l t e d  from the t r a n s v e r s e  
expans ion  of t h e  f u s e l a g e  d u r i n g  impact. The photograph  taken  from t h e  p i lo t ' s  
p o s i t i o n  look ing  rearward ( f i g .  1 6 ( b ) )  shows o n l y  small  b u c k l e s  i n  t h e  cross 
members between t h e  floor beams and v e r y  l i t t l e  ev idence  of any  damage i n  t h e  
a f t  s e c t i o n  of t h e  f u s e l a g e  due to  impact. 

F l a t  test.- The photograph from t h e  f l a t  test  ( f i g .  1 7 ( a ) )  was t a k e n  from 
t h e  a f t  end o f  t h e  f u s e l a g e  look ing  forward .  The ou tboa rd  r o t a t e d  p o s i t i o n  of 
t h e  seats is much more pronounced than  i n  t h e  pitch-down test. The f l o o r  s t r u c -  
t u r e  was pushed upward, w i th  buckl ing  and r i v e t - s h e a r  f a i l u r e s  throughout  t h e  
f l o o r  area. The l o n g i t u d i n a l  floor beams, which are f a b r i c a t e d  from f l a t  stock 
and e x t r u s i o n s  r i v e t e d  t o g e t h e r ,  s e p a r a t e d  a long  t h e  r i v e t  l i n e s .  The photo- 
g raph  taken  look ing  through t h e  doorway a t  t h e  s t r u c t u r a l  damage i n  t h e  v i c i n i t y  
of t h e  f u s e l a g e  where f i r s t  ground c o n t a c t  o c c u r r e d  ( f i g .  1 7 ( b ) )  i n d i c a t e d  t h a t  
t h e  f l o o r  s t ruc tu ra l  damage w a s  e x t e n s i v e  and inc luded  buck l ing ,  r i v e t - s h e a r  
f a i l u r e ,  b reak ing ,  and t e a r i n g  o f  t h e  s t r u c t u r e .  Th i s  damage area extended back 
to t h e  frame of  t h e  baggage compartment f a r t h e s t  a f t ,  as shown i n  f i g u r e  1 7 ( c ) .  
The photograph ( f i g .  1 7 ( d ) )  shows a break  i n  t h e  main wing spar n e a r  t h e  c e n t e r  
of t h e  f u s e l a g e .  

Pi tch-up test .-  The photograph  from t h e  p i t ch -up  t es t  t h a t  w a s  t a k e n  from 
t h e  a f t  end o f  t h e  f u s e l a g e  l o o k i n g  forward ( f i g .  1 8 ( a ) )  shows t h e  same t y p e  
of ou tboa rd - ro t a t ed  p o s i t i o n  of t h e  seats as p r e v i o u s l y  noted .  The second- 
passenger  dummy used i n  t h e  p r e v i o u s  tests w a s  s i m u l a t e d  w i t h  l e a d  masses i n  
t h i s  test .  Although t h e  e x t e r n a l  p i c t u r e s  ( f i g .  15 )  i n d i c a t e d  less s t r u c t u r a l  
damage than  i n  t h e  pitch-down and f l a t  tests, t h e  p i c t u r e s  o f  t h e  i n t e r n a l  
s t r u c t u r e  i n  t h e  v i c i n i t y  of  t h e  door and baggage compartment ( f i g .  1 8 ( b ) )  show 
damage similar to t h e  f l a t  test. The f l o o r  damage i n  t h e  pas senge r  s e c t i o n  o f  
t h e  f u s e l a g e  ( f i g .  1 8 ( c ) )  shows some s t r u c t u r a l  buck l ing ,  r i v e t  s h e a r ,  and 
to ta l  f a i l u r e s  o f  t h e  cross members between t h e  l o n g i t u d i n a l  beam, b u t  l i t t l e  
damage to  t h e  beams themselves .  

A c c e l e r a t i o n  Histories 

The accelerometer l o c a t i o n s  common to a l l  t h r e e  test  specimens are pre- 
s e n t e d  i n  f i g u r e  10, and t h e  a s s o c i a t e d  a c c e l e r a t i o n  h i s t o r y  traces are g i v e n  
i n  f i g u r e s  1 9 ,  20,  21 ,  and 22 .  Each f i g u r e  p r e s e n t s  t h e  c o o r d i n a t e s  of  accel- 
erometer l o c a t i o n s  w i t h  respect to t h e  a i r p l a n e  s t r u c t u r e  for each  of t h e  
a c c e l e r a t i o n  traces p r e s e n t e d .  

The a n a l y s i s  of t h e  a c c e l e r a t i o n  traces i n c l u d e d  t ime-event  c o r r e l a t i o n  
wi th  t h e  cor responding  c r a s h  scene  from t h e  mot ion-p ic ture  f i l m .  The acceler- 
a t i o n  traces were examined to de te rmine  t h e  f i r s t  major impact a c c e l e r a t i o n  
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peaks on t h e  f u s e l a g e  s t r u c t u r e  a t  t h e  t i m e  t h e  s t r u c t u r a l  e lement  on which 
t h e  accelerometers were mounted made ground c o n t a c t .  These a c c e l e r a t i o n  peaks 
are l a b e l e d  on t h e  a c c e l e r a t i o n  traces p r e s e n t e d  i n  t h i s  report and are t h e  
same a c c e l e r a t i o n  peaks referred to  i n  t h e  i n s t r u m e n t a t i o n  s e c t i o n ,  which are 
b e l i e v e d  to be a c c u r a t e .  A c c e l e r a t i o n s  exper ienced  prior to  t h e s e  peaks are 
e f f e c t s  of l o a d s  and s t r u c t u r a l  v i b r a t i o n s  t h a t  are t r a n s m i t t e d  through t h e  
a i r p l a n e  s t r u c t u r e  from impact p u l s e s  a p p l i e d  to o t h e r  s t r u c t u r a l  e lements .  
These types of a c c e l e r a t i o n s  do n o t  r e s u l t  i n  s i g n i f i c a n t  s t r u c t u r a l  defor -  
mat ion.  There are no peaks l a b e l e d  on some t r a c e s  because t h e  f i r s t  major 
impact a c c e l e r a t i o n  peaks could  n o t  be i d e n t i f i e d .  The l e a s t - s q u a r e s  f i t  of  
t h e  a c c e l e r a t i o n  t i m e  h i s t o r i e s  f i l t e r s  o u t  t h e  high-frequency a c c e l e r a t i o n s  
t h a t  r e s u l t  from local s t r u c t u r a l  v i b r a t i o n s .  Some lower f requency  v i b r a t o r y  
a c c e l e r a t i o n s  are s t i l l  e v i d e n t  i n  a l l  of t h e  t i m e  h i s t o r i e s ,  however. 

The common accelerometer d a t a  are p r e s e n t e d  and d i s c u s s e d  f o r  floor-beam 
normal a c c e l e r a t i o n s ,  f loor-beam l o n g i t u d i n a l  a c c e l e r a t i o n s ,  floor and roof  
a c c e l e r a t i o n s ,  and a c c e l e r a t i o n s  a t  seat l e g s  and i n  t h e  dummy. The d a t a  
p l o t s  are grouped i n  normal and l o n g i t u d i n a l  o r i e n t a t i o n s  and i n c l u d e  super-  
imposed timed e v e n t s  o b t a i n e d  from photographic  d a t a  f i l m  f o r  c o r r e l a t i o n  and 
i n t e r p r e t a t i o n .  

Floor-Beam N o r m a l  A c c e l e r a t i o n s  

S i x  normal -acce lera t ion  h i s t o r y  traces a long  t h e  floor beam of each test 
specimen are p r e s e n t e d  i n  f i g u r e  19.  The accelerometers are located a t  major 
s t r u c t u r a l  frames i n  t h e  nose of t h e  a i r p l a n e  and i n  t h e  passenger  compartment. 

Pitch-down test.- The pitch-down tes t  specimen made f i r s t  ground c o n t a c t  
i n  a -12O p i t c h  a t t i t u d e  s u c h  t h a t  t h e  f i r s t  f u s e l a g e  frame (2B9N) of f i g -  
u r e  1 9 ( a )  responded to  t h e  impact f i r s t ,  fol lowed by t h e  impact of  c o n s e c u t i v e  
frames back to t h e  f i r e  w a l l  (8B9N). The a c c e l e r a t i o n  his tor ies  show t h a t  
t h e  a p p l i c a t i o n  of t h e  major impact a c c e l e r a t i o n  a t  t h e  f i r s t  frame peaked a t  
0.016 sec a f t e r  ground c o n t a c t ,  w i t h  a magnitude of -1109. The a c c e l e r a t i o n  of 
t h e  floor beam a t  t h e  f i r e  w a l l  peaked a t  0.019 sec, w i t h  a magnitude of - 4 0 9 .  
The main s p a r  c o n t a c t e d  t h e  ground a t  about  0 .05  sec i n t o  t h e  impact. During 
t h i s  t i m e ,  t h e  specimen cont inued  to  p i t c h  to  an a t t i t u d e  of -go. The main 
spar acted as a fu lc rum when it c o n t a c t e d  t h e  ground. This  caused t h e  a n g u l a r  
v e l o c i t y  of t h e  passenger  compartment behind t h e  spar to i n c r e a s e  and t h e  nose 
of t h e  specimen to  rotate o f f  t h e  ground, t h u s  r e l i e v i n g  a l l  d i rec t  l o a d i n g s  
i n  t h e  nose s e c t i o n .  The i n t e n s i t y  of t h e  a c c e l e r a t i o n s  decreased  from -1109 
to  -409 as t h e  ground c o n t a c t  moved rearward to t h e  s p a r .  The f l o o r  from t h e  
s p a r  ( f rame c o o r d i n a t e  13)  through t h e  th i rd-passenger  l o c a t i o n  (frame coord i -  
n a t e  19)  was i n  ground c o n t a c t  w i t h i n  0.08 sec a f t e r  i n i t i a l  ground c o n t a c t .  
During t h i s  time p e r i o d ,  t h e  spar buckled near t h e  c e n t e r  of t h e  c a b i n  as t h e  
wing twisted and rotated down. 

A l l  wing d i h e d r a l  w a s  l o s t  a t  0.093 sec i n t o  t h e  impact as t h e  wing t i p s  
c o n t a c t e d  t h e  ground. About t h e  same t i m e ,  t h e  f u s e l a g e  s t a r t e d  t r a n s v e r s e  
expans ion ,  caus ing  r i v e t - s h e a r  f a i l u r e  a long  t h e  windows a t  0.11 sec. F u r t h e r  
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p i t c h i n g  of  t h e  specimen cont inued  u n t i l  t h e  a f t  end of t h e  specimen, which 
normally has  a 15O upward slope of t h e  lower s u r f a c e ,  came i n  c o n t a c t  w i t h  t h e  
ground, c a u s i n g  t h e  roof o f  t h e  specimen to  separate ( r i v e t - s h e a r  f a i l u r e )  a t  
0.1 77 sec af te r  i n i t i a l  ground c o n t a c t .  A l l  f loor-beam accelerometers showed 
n e g a t i v e  accelerations ( s t o p p i n g  force) w i t h  ground c o n t a c t ,  fol lowed by posi- 
t i v e  a c c e l e r a t i o n s  as t h e  nose l i f t e d  o f f  t h e  ground. G e n e r a l l y ,  t h e  accel- 
e r a t i o n s  d e c r e a s e  p r o g r e s s i v e l y  a long  t h e  f l o o r  beam, from a maximum of -11Og 
a t  t h e  f i r s t  frame i n  t h e  nose (2B9N) to a minimum of -2Og a t  t h e  l a s t  frame 
ins t rumented  (1 9B9N) . 

F l a t  test.- The f l a t - t e s t  specimen made f i r s t  ground c o n t a c t  i n  a 4O p i t c h  
a t t i t u d e ,  whiTh r e s u l t e d  i n  i n i t i a l  ground c o n t a c t  a t  g r i d  c o o r d i n a t e  21. 
acce lerometer  a t  19B9N (see f i g .  19 ( b )  ) responded on i n i t i a l  ground c o n t a c t .  
The specimen p i t c h  a t t i t u d e  changed less t h a n  l o  d u r i n g  impact.  Loads were 
p r o g r e s s i v e l y  a p p l i e d  to t h e  floor beams such  t h a t  t h e  f i r e  w a l l  (8B9N) w a s  
t h e  l a s t  frame to  c o n t a c t  t h e  ground a t  0.032 sec a f t e r  i n i t i a l  ground c o n t a c t .  
Very h igh  a c c e l e r a t i o n s  were exper ienced  i n  t h e  passenger  compartment a f t  o f  
t h e  main s p a r ,  wi th  t h e  greatest  a c c e l e r a t i o n  of -1509 o c c u r r i n g  i n  t h e  t h i r d -  
and fourth-passenger  l o c a t i o n .  These passenger-compartment a c c e l e r a t i o n s  were 
c o n s i d e r a b l y  h i g h e r  for t h e  f l a t  specimen (-1509 to -5Og) t h a n  for t h e  p i t c h -  
down specimen (-809 to -2Og). The a c c e l e r a t i o n s  a t  t h e  f i r e  w a l l  (8B9N) were 
v e r y  small .  The a c c e l e r a t i o n s  a t  t h e  f i r s t  frame (2B9N) and second frame 
(5B9N) i n  t h e  nose of  t h e  a i r p l a n e  were t r a n s m i t t e d  through t h e  f l o o r  beam 
and a t t a c h e d  s t r u c t u r e  s i n c e  t h o s e  t w o  f rames d i d  n o t  c o n t a c t  t h e  ground dur- 
i n g  impact. The i n t e n s i t y  of  t h e  f i r s t  peaks e x h i b i t e d  t h e  same t r e n d  b u t  i n  
t h e  r e v e r s e  d i r e c t i o n  as t h a t  i n  t h e  pitch-down t e s t  ( i - e . ,  t h e  i n t e n s i t y  
decreased  as t h e  ground c o n t a c t  moved f o r w a r d ) .  Maximum f u s e l a g e  expansion 
occurred  a t  0.069 sec when a l l  v e r t i c a l  v e l o c i t y  of t h e  s t r u c t u r e  had ceased .  
There are no i n d i c a t i o n s  i n  t h e  a c c e l e r a t i o n  d a t a  of  t h e  main wing s p a r  break- 
i n g  (see f i g .  1 7 ( d ) ) ,  even though t h e r e  w a s  complete f a i l u r e  i n  t h e  upper 
f l a n g e  of  t h e  spar. 

The 

Pitch-up tes t  .- The p i tch-up  tes t  specimen made f i r  st ground c o n t a c t  a long  
t h e  slope of t h e  lower s u r f a c e  of t h e  t a i l  s e c t i o n .  The frame a t  g r i d  c o o r d i -  
n a t e  24 ( f i g .  1 9 ( c ) )  was e x t e n s i v e l y  damaged on i n i t i a l  ground c o n t a c t ,  and 
it t o o k  about  0.03 sec f o r  t h e  ground c o n t a c t  to  move forward i n  t h e  passen- 
g e r  compartment, when t h e r e  was a major r e s p o n s e  a t  a c c e l e r o m e t e r  19B9N. The 
a c c e l e r a t i o n s  a t  t h i s  frame were v e r y  high (-2OOg), b u t  as  t h e  ground c o n t a c t  
moved f u r t h e r  i n t o  t h e  compartment, t h e  a c c e l e r a t i o n s  a t  t h e  succeeding  frames 
were much lower (-50g to -2Og) and of about  t h e  same magnitude as t h o s e  of t h e  
f l a t  t e s t .  It  may be noted t h a t  t h e  a c c e l e r a t i o n s  a t  t h e  frames i n  t h e  nose 
s e c t i o n  (2B9N, 5B9N, and 889N) responded i n  t h e  p o s i t i v e  d i r e c t i o n  b e f o r e  t h e  
main s p a r  c o n t a c t e d  t h e  ground a t  0.067 sec i n t o  t h e  impact. The a c c e l e r a t i o n s  
of 359, 20g, and l o g  a t  frames 2B9N, 5B9N, and 8B9N, r e s p e c t i v e l y ,  i n d i c a t e  a 
v e r y  h i g h  downward p i t c h i n g  rate as a r e s u l t  of t h e  i n i t i a l  h i g h  nose-ground 
c o n t a c t  o f  14O p i t c h .  A f t e r  t h e  main spar c o n t a c t e d  t h e  ground,  t h e s e  same 
forward frames showed n e g a t i v e  a c c e l e r a t i o n s  due to  ground c o n t a c t .  By t h e  
t i m e  t h e  wing t i p s  made ground c o n t a c t ,  t h e  nose frames were a l r e a d y  i n  ground 
c o n t a c t ,  and t h e  a i r p l a n e  cont inued  to  rock forward u n t i l  o n l y  t h e  nose s e c t i o n  
was i n  ground c o n t a c t .  T h e r e a f t e r ,  a l l  a c c e l e r a t i o n s  were v e r y  low as  t h e  a i r -  
p lane  rocked back o n t o  t h e  bottom of t h e  f u s e l a g e .  
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Floor-Beam Long i tud ina l  A c c e l e r a t i o n s  

S i x  l o n g i t u d i n a l  accelerometer traces a long  t h e  floor beam are p resen ted  
i n  f i g u r e  20 f o r  each test  specimen. The accelerometers are located a t  major 
s t r u c t u r a l  f rames  i n  t h e  nose o f  t h e  specimen and i n  t h e  passenger  compart- 
ment.  These accelerometers were mounted a t  t h e  same l o c a t i o n s  a s  t h e  normal 
accelerometers p r e s e n t e d  i n  t h e  p r e v i o u s  s e c t i o n .  

Pitch-down test.- F i g u r e  20 (a )  shows t h e  r e sponse  of t h e  l o n g i t u d i n a l  
accelerometers to  impact f o r  t h e  pitch-down test. The magnitude of accelera- 
t i o n s  i n  t h e  nose  (2B9L to  8B9L) w a s  v e r y  l o w  d u r i n g  t h e  deformat ion  of t h e  
nose s t r u c t u r e ,  which ended a t  abou t  0.02 sec i n t o  t h e  impact. The la te r  
peaks were associated w i t h  t h e  rebound o f  t h e  nose s e c t i o n  and t h e  accelera- 
t i o n  t r a n s m i t t e d  through t h e  s t r u c t u r e .  Behind t h e  main spar, s t r u c t u r a l  
deformat ion  was f e l t  over  a much longer  t i m e  s i n c e  ground c o n t a c t  a t  19B9L 
s t a r t e d  abou t  0.08 sec af te r  i n i t i a l  ground c o n t a c t  and cont inued  for a p e r i o d  
of  0.065 sec, or u n t i l  maximum f u s e l a g e  expansion a t  abou t  0.145 sec. The 
l o n g i t u d i n a l  a c c e l e r a t i o n  traces do not  show d e f i n i t e  i n d i c a t i o n  of s p e c i f i c  
s t r u c t u r a l  f a i l u r e s .  

F l a t  test.- F i g u r e  20 (b )  shows t h e  l o n g i t u d i n a l  a c c e l e r a t i o n  h i s t o r i e s  for 
t h e  f l a t  t e s t .  The passenger-compartment a c c e l e r a t i o n s  i n d i c a t e  t h e  e f f e c t  of 
t h e  4O p i t c h  a t t i t u d e  a t  i n i t i a l  impact by t h e  s l i g h t  t i m e  d i f f e r e n c e  as  t h e  
ground c o n t a c t  moves forward from 19B9L to 8B9L. The magnitudes of t h e  accel- 
e r a t i o n s  a f t  of t h e  main spar were n e a r l y  t h e  same. The a c c e l e r a t i o n  a t  8B9L 
w a s  smaller, and s i n c e  t h i s  w a s  t h e  l a s t  frame to  c o n t a c t  t h e  ground,  t h e  ve ry  
l o w  a c c e l e r a t i o n s  a t  f rames  5B9L and 2B9L were t r a n s m i t t e d  through t h e  floor 
beams and associated s t r u c t u r e .  The l o n g i t u d i n a l  a c c e l e r a t i o n s  i n  t h e  passen-  
ge r  compartment were c o n s i d e r a b l y  h ighe r  for t h e  f l a t  specimen than  t h o s e  for 
t h e  pitch-down specimen. 

Pi tch-up test .-  F i g u r e  2 0 ( c )  shows t h e  l o n g i t u d i n a l  a c c e l e r a t i o n  h i s tor ies  
for t h e  p i tch-up  t e s t .  The l a s t  frame i n  t h i s  f i g u r e  is noted  as 20B9L, i n s t e a d  
of 19B9L as i n  f i g u r e s  2 0 ( a )  and 2 0 ( b ) .  S i n c e  t h e s e  f rames  are close t o g e t h e r  
and are a l i k e  i n  s t r u c t u r a l  f e a t u r e s ,  t h e  a c c e l e r a t i o n s  should  be comparable. 
The l a c k  of a d e f i n i t e  p a t t e r n  for t h e  a c c e l e r a t i o n s  appears to  be  t h e  r e s u l t  of 
t h e  rocking  motion o f  t h e  a i r p l a n e  d u r i n g  impact. I n  g e n e r a l ,  t h e  magnitude of 
t h e s e  a c c e l e r a t i o n s  appears to  f a l l  between those for t h e  pitch-down and f l a t  
tests. 

Floor and Roof A c c e l e r a t i o n s  

A c c e l e r a t i o n s  on t h e  floor ( o t h e r  than  t h e  floor beam) and a long  t h e  roof 
are p r e s e n t e d  i n  f i g u r e  21 i n  t h e  normal d i r e c t i o n  and i n  f i g u r e  22 i n  t h e  lon-  
g i t u d i n a l  d i r e c t i o n .  The accelerometers a t  frames 11B8 and 13B8 were mounted 
on t h e  aluminum floor boa rds  between t h e  p i l o t ' s  f o r e  and a f t  sea t  l e g s .  A s  a 
r e s u l t  o f  t h i s  mounting, t h e  a c c e l e r a t i o n  traces show an o s c i l l a t o r y  behavior  
t h a t  is t y p i c a l  o f  a local v i b r a t i o n .  The l a r g e  a c c e l e r a t i o n  peaks are a 
r e s u l t  o f  t h e  impact superimposed on t h e  o s c i l l a t o r y  traces. The window s i d e  
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a c c e l e r a t i o n s  a t  15E8 and 17B8 g e n e r a l l y  e x h i b i t e d  lower magnitudes i n  b o t h  
t h e  normal and l o n g i t u d i n a l  d i r e c t i o n s  t h a n  t h e i r  c o u n t e r p a r t s  on t h e  f l o o r  
b e a m .  

The a c c e l e r a t i o n s  a t  t h e  roof (5E9 and 14G9) and a t  t h e  t a i l  (35F9) were 
much lower t h a n  t h o s e  on t h e  floor. The o s c i l l a t o r y  n a t u r e  of t h e  a c c e l e r a t i o n  
traces would be expec ted  s i n c e  t h e  roof is less r i g i d  t h a n  t h e  floor. T h i s  
behavior  of t h e  s t r u c t u r e  also m a k e s  it more d i f f i c u l t  to i d e n t i f y  t h e  f i r s t  
major impact a c c e l e r a t i o n  peaks. The reduced magnitudes of t h e  a c c e l e r a t i o n s  
were a r e su l t  of t h e  f l e x i b l e  n a t u r e  of t h e  f u s e l a g e ,  which allows t h e  f u s e l a g e  
sides to expand outward d u r i n g  impact which caused  t h e  roof to d e c e l e r a t e  over  
a longer  t i m e  period. 

A c c e l e r a t i o n s  a t  S e a t  Legs and i n  Dummy 

The normal and l o n g i t u d i n a l  a c c e l e r a t i o n s  on t h e  floor a t  t h e  f i r s t  pas- 
s e n g e r ' s  seat  l e g s  and i n  t h e  p e l v i c  r e g i o n  of t h e  f i r s t - p a s s e n g e r  dummy are 
given i n  f i g u r e  23. The accelerometers on t h e  floor were o r i e n t e d  i n  t h e  a i r -  
p l a n e  c o o r d i n a t e  system, and t h e  accelerometers i n  t h e  dummy were o r i e n t e d  i n  
t h e  dumny's c o o r d i n a t e  system. Superimposed t i m e d  e v e n t s  o b t a i n e d  from photo- 
g r a p h i c  d a t a  f i l m  a r e  also p r e s e n t e d  i n  f i g u r e  23. 

Pitch-dawn tes t . -  The normal and l o n g i t u d i n a l  a c c e l e r a t i o n  h i s t o r i e s  a t  
t h e  seat l e g s  and i n  t h e  dummy a r e  p r e s e n t e d  i n  f i g u r e s  2 3 ( a )  and 2 3 ( b ) ,  respec- 
t i v e l y ,  f o r  t h e  pitch-down t e s t .  After t h e  main spar c o n t a c t e d  t h e  impact sur -  
face (see f i g .  1 9 ( a ) )  a t  0.05 sec, t h e  f l o o r  beam under t h e  dummy e x p e r i e n c e d  
normal a c c e l e r a t i o n s  of -8Og and -3Og a t  t h e  seat  f r o n t  and back l e g s ,  respec- 
t i v e l y .  The f l o o r  on t h e  window s i d e  e x p e r i e n c e d  normal a c c e l e r a t i o n s  of -309 
and -25g a t  t h e  seat f r o n t  and back l e g s ,  r e s p e c t i v e l y .  The a c c e l e r a t i o n s  
peaked a t  about  0.073 sec i n t o  t h e  impact.  The dummy s t a r t e d  to  s i n k  i n t o  
t h e  seat and m v e  forward i n t o  t h e  f i v e - p o i n t  h a r n e s s  r e s t r a i n t  system w i t h i n  
0.02 sec a f t e r  i n i t i a l  ground c o n t a c t .  The dummy e x p e r i e n c e d  o n l y  small accel- 
e r a t i o n s  as h e  sank i n t o  t h e  sea t .  The h a r n e s s  system began to t i g h t e n  a t  about 
0.08 sec i n t o  t h e  impact,  and t h e  dummy's downward and forward motion was 
s topped a t  about  0.1 14 sec. The r e s u l t i n g  de layed  p e l v i c  normal a c c e l e r a t i o n  
of -55g i n  t h e  dummy is shown by t h e  peak i n  t h e  normal d i r e c t i o n  ( f i g .  2 3 ( a ) )  
and to a g r e a t e r  e x t e n t  i n  t h e  l o n g i t u d i n a l  a c c e l e r a t i o n  of -8Og ( f i g .  2 3 ( b ) )  
a t  0.114 sec. The seat s t a r t e d  to rotate outboard  f o l l o w i n g  t h e  deformat ion  of  
t h e  f l o o r  s t r u c t u r e  a t  about  0.07 sec, and cont inued  for 0.117 sec. The seat- 
l e g  and dummy accelerometers showed n e g l i g i b l e  a c c e l e r a t i o n s  a f t e r  t h e  seat 
s topped r o t a t i n g .  

F l a t  test.- The normal and l o n g i t u d i n a l  a c c e l e r a t i o n  h i s t o r i e s  a t  t h e  
seat legs and i n  t h e  dummy are p r e s e n t e d  i n  f i g u r e s  2 3 ( c )  and 2 3 ( d ) ,  respec- 
t i v e l y ,  f o r  t h e  f l a t  t es t .  S i n c e  t h e  a i r p l a n e  c o n t a c t e d  t h e  impact s u r f a c e  a t  
a 4O p i t c h  a t t i t u d e ,  t h e  impact a c c e l e r a t i o n  i n  t h e  f i r s t - p a s s e n g e r  dummy was 
f e l t  b e f o r e  t h e  main spar c o n t a c t e d  t h e  impact s u r f a c e .  The f l o o r  beam under 
t h e  seat experienced normal a c c e l e r a t i o n s  of -8Og and -509 a t  t h e  seat  back 
and f r o n t  l e g s ,  r e s p e c t i v e l y .  The f l o o r  on  t h e  window side e x p e r i e n c e d  normal 
a c c e l e r a t i o n  of  -5Og and -35g a t  t h e  seat  back and f r o n t  l e g s ,  respectively. 
The dummy exper ienced  normal a c c e l e r a t i o n s  of  -4Og and 0.02 sec af te r  t h o s e  
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on t h e  f loor,  as compared w i t h  -559 for t h e  pitch-dawn tes t ,  even though t h e  
a c c e l e r a t i o n s  on t h e  f l o o r  were h i g h e r  for t h e  f l a t  test. U n l i k e  t h e  p i t c h -  
down t e s t ,  t h e  dumny d i d  n o t  move forward i n t o  t h e  r e s t r a i n t  system b u t  sank 
i n t o  t h e  seat and rebounded upward i n t o  t h e  s h o u l d e r  straps.  M o s t  o f  t h e  
accelerations were f e l t  by t h e  dummy d u r i n g  t h e  t i m e  t h e  sea t  w a s  r o t a t i n g  
outboard .  

Pitch-up test.- The normal and l o n g i t u d i n a l  a c c e l e r a t i o n s  a t  t h e  seat  l e g s  
and i n  t h e  dummy are presented i n  f i g u r e s  2 3 ( e )  and 2 3 ( f ) ,  r e s p e c t i v e l y ,  for 
t h e  pi tch-up test .  The effect  of t h e  14O pi tch-up a n g l e  a t  ground contact is 
shown by t h e  g r e a t e r  a c c e l e r a t i o n  a t  t h e  back l e g s  of  t h e  seat t h a n  a t  t h e  f r o n t  
l e g s .  The f l o o r  beam under t h e  seat  exper ienced  normal a c c e l e r a t i o n s  of -509 
and -209 a t  t h e  back and f r o n t  seat  l e g s ,  r e s p e c t i v e l y .  The f l o o r  on t h e  window 
s i d e  exper ienced  normal a c c e l e r a t i o n s  of -409 and -209 a t  t h e  back and f r o n t  
seat l e g s ,  r e s p e c t i v e l y .  The f i r s t - p a s s e n g e r  dummy s t a r t e d  to move down i n t o  
t h e  seat w i t h i n  0.01 sec a f t e r  ground contact on t h e  a f t  lower s u r f a c e  of t h e  
a i r p l a n e .  The forward  rocking  motion of t h e  f u s e l a g e  caused t h e  dummy to move 
backward i n t o  t h e  seat  a t  t h e  same t i m e  t h a t  he moved down i n t o  t h e  s o f t  seat  
cushion and s u p p o r t i n g  diaphragm. A t  0.053 sec af ter  ground c o n t a c t ,  t h e  dummy 
stopped h i s  downward motion. A t  t h e  same t i m e ,  t h e  normal a c c e l e r a t i o n s  a t  
t h e  s e a t  l e g s  peaked ( n e g a t i v e  magnitude, f i g .  2 3 ( e ) ) .  A s  t h e  dummy's s i n k i n g  
motion s topped ,  t h e  dummy s t a r t e d  to submarine under t h e  l a p  b e l t  which w a s  
a t t a c h e d  to t h e  seat a t  t h e  f l o o r .  A t  t h e  same t i m e ,  t h e  s e a t  s t a r t e d  to  rotate 
outboard ,  c a u s i n g  a p o s i t i v e  response  to  t h e  dummy's l o n g i t u d i n a l  accelerometer 
( f i g .  2 3 ( f )  and acce lerometer  16C8L). The accelerometer was o r i e n t e d  a l o n g  t h e  
l o n g i t u d i n a l  a x i s  of t h e  dummy ( p e r p e n d i c u l a r  to t h e  s p i n e )  ; however, t h e  sub- 
mar in ing  caused t h e  accelerometer to  r o t a t e  i n t o  an  o r i e n t a t i o n  a lmost  pa ra l l e l  
to  t h e  a i r p l a n e  normal a x i s  (see f i g .  2 4 ) .  Consequent ly ,  response  of  t h e  lon-  
g i t u d i n a l  acce lerometer  w a s  due to  t h e  s t o p p i n g  motion along t h e  normal a x i s  
of t h e  a i r p l a n e .  The a c c e l e r a t i o n  of 30g peaked a t  about  0.065 sec i n t o  t h e  
impact.  A t  0.067 sec a f t e r  ground c o n t a c t ,  t h e  a i r p l a n e  downward v e l o c i t y  w a s  
a r r e s t e d ,  and rebound of t h e  f l o o r  beams s t a r t e d  as t h e  a i r p l a n e  cont inued  to  
rock forward.  The r e v e r s a l  o f  d i r e c t i o n  caused p o s i t i v e  normal a c c e l e r a t i o n  
peaks on t h e  f l o o r  beam a t  t h e  b a s e  of  t h e  seat .  The sea t  cont inued  to  rotate  
outboard  u n t i l  0.124 sec, a f t e r  which t i m e  a l l  a c c e l e r a t i o n s  were n e g l i g i b l e .  

Damage and Acceleration Evalua t ion  

The s i g n i f i c a n t  normal a c c e l e r a t i o n  peaks on t h e  f l o o r  of t h e  passenger  
compartment a t  t h e  f i r s t  p a s s e n g e r ' s  seat  l e g s  and i n  t h e  f i r s t  p a s s e n g e r ' s  
p e l v i s  are p r e s e n t e d  i n  t a b l e  I1 and f i g u r e  25. The measured maximum normal 
acceleration peaks on t h e  compartment f l o o r  were -809, -1509, and -2009 f o r  t h e  
pitch-down, f l a t ,  and p i tch-up  test specimens, r e s p e c t i v e l y .  T a b l e  I1 shows 
t h a t  t h e s e  maximum a c c e l e r a t i o n  peaks d i d  n o t  g e n e r a l l y  occur  a t  t h e  same loca- 
t i o n s  on t h e  compartment f l o o r  or a t  t h e  same s e a t - l e g  loca t ion .  I n  t h e  p i t c h -  
down tes t ,  both  t h e  passenger-compartment and s e a t - l e g  maximum a c c e l e r a t i o n  
peaks occurred  a t  t h e  seat  f r o n t  l e g  (15B9N) and had t h e  same magnitude. For 
t h e  f l a t  and p i tch-up  tests, t h e  maximum a c c e l e r a t i o n  peaks on t h e  floor 
occurred  a t  t h e  rear of t h e  compartment near  t h e  f u s e l a g e  door ,  and t h e  max- 
i m u m  acceleration peaks a t  t h e  f i r s t - p a s s e n g e r  seat  occurred  a t  t h e  rear sea t  
l e g s .  These d i f f e r e n c e s  i n  a c c e l e r a t i o n  peaks between t h e  seat l e g s  and com- 
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par tment  floor ( f i g .  25)  are caused by t h e  combinat ion of p i t c h  a t t i t u d e  of 
t h e  a i r p l a n e  a t  ground c o n t a c t ,  t h e  a i r p l a n e  s t r u c t u r a l  deformation a f t  of t h e  
f i r s t - p a s s e n g e r  seat ,  t h e  dynamic r e a c t i o n s  of t h e  dummy i n  t h e  sea t ,  and t h e  
changing a t t i t u d e  of t h e  a i r p l a n e  d u r i n g  impact. Because t h e  k i n e t i c  energy 
a t  impact is t h e  same for t h e  t h r e e  test specimens,  t h e  lower a c c e l e r a t i o n  
peaks a t  t h e  seat l e g s  can be mainly a t t r i b u t e d  to s t r u c t u r a l  deformation a f t  
of t h e  seat. This  is r e f l e c t e d  i n  t h e  lower v a l u e s  of f i r s t - p a s s e n g e r  seat- 
leg a c c e l e r a t i o n s  ( t a b l e  11). The a c c e l e r a t i o n  d i f f e r e n c e s  between t h e  f l o o r  
a t  t h e  seat legs and t h o s e  i n  t h e  p e l v i c  r e g i o n  of t h e  f i r s t - p a s s e n g e r  dummy 
can be as much as 40g. 

The d i f f e r e n c e  i n  p h y s i c a l  damage to  t h e  passenger  compartments t h a t  
accompanied t h e s e  a c c e l e r a t i o n s  is p r e s e n t e d  by t h e  photographs i n  f i g u r e  25. 
The damage i n c r e a s e d  from t h e  pitch-down to p i tch-up  tests. The peak a c c e l e r -  
a t i o n s  i n  t h e  p e l v i c  r e g i o n  of t h e  f i r s t - p a s s e n g e r  dummy decreased  from -55g, 
to -4Og, to -3Og f o r  t h e  pitch-down, f l a t ,  and p i tch-up  tests, r e s p e c t i v e l y .  
As t h e  f u s e l a g e  s t r u c t u r a l  damage i n c r e a s e d ,  peak p e l v i c  a c c e l e r a t i o n s  i n  t h e  
f i r s t - p a s s e n g e r  dummy d e c r e a s e d .  

CONCLUDING REMARKS 

Three g e n e r a l - a v i a t i o n  a i r p l a n e  specimens were c r a s h  t e s t e d  a t  t h e  Langley 
impact dynamics r e s e a r c h  f a c i l i t y  under c o n t r o l l e d  f r e e - f l i g h t  c o n d i t i o n s .  The 
nominal tes t  parameters  were ground-contact  p i t c h  a n g l e s  of  -15O (pitch-down) , 
Oo ( f l a t ) ,  and 15O ( p i t c h - u p ) ;  a f l i g h t - p a t h  a n g l e  of -15O; and a f l i g h t - p a t h  
v e l o c i t y  of  27 m/sec. All o t h e r  parameters were e s s e n t i a l l y  t h e  same for t h e  
t h r e e  tes ts .  

The l i v a b l e  volume i n  t h e  a i r p l a n e  cockpits and passenger  compartments was 
main ta ined  i n  a l l  t h r e e  test specimens,  a l t h o u g h  t h e r e  w a s  some i n t r u s i o n  of  
t h e  specimen f l o o r  s t r u c t u r e s  i n t o  t h e  passenger  compartments.  The s t r u c t u r e  
of t h e  floor i n  t h e  passenger  compartments i n  t h e  v i c i n i t y  of t h e  t h i r d  window 
s u s t a i n e d  c o n s i d e r a b l e  damage i n  t h e  f l a t  and p i tch-up  tes t  specimens b u t  o n l y  
s m a l l  buckles  i n  t h e  pitch-down test specimen. Each of  t h e  a i r p l a n e  t es t  spec- 
imens s u s t a i n e d  s e p a r a t i o n  of  t h e  s k i n  under t h e  windows due  to r i v e t - s h e a r  
f a i l u r e .  

The magnitudes of  t h e  normal a c c e l e r a t i o n s  on t h e  floor beams i n  t h e  pas- 
senger  compartment were c o n s i d e r a b l y  h igher  i n  t h e  f l a t  and p i tch-up  tests t h a n  
i n  t h e  pitch-down t e s t .  The h i g h e s t  a c c e l e r a t i o n s  o c c u r r e d  a t  t h e  t h i r d  window 
l o c a t i o n s  i n  t h e  f u s e l a g e .  L o n g i t u d i n a l  a c c e l e r a t i o n s  on t h e  f l o o r  beams were 
h i g h e s t  i n  t h e  f l a t  t es t  and lowest i n  t h e  pitch-down tes t .  

The d i f f e r e n c e s  i n  a c c e l e r a t i o n  peaks between t h e  s e a t  l e g s  and t h e  
compartment f l o o r  a r e  caused by t h e  combinat ion of  p i t c h  a t t i t u d e  of t h e  a i r -  
p l a n e  a t  ground c o n t a c t ,  t h e  a i r p l a n e  s t r u c t u r a l  deformat ion  a f t  of t h e  f i r s t -  
passenger  sea t ,  t h e  dynamic r e a c t i o n s  of  t h e  dummy i n  t h e  seat ,  and t h e  chang- 
i n g  a t t i t u d e  of t h e  a i r p l a n e  d u r i n g  impact.  These peak a c c e l e r a t i o n s  do n o t  
g e n e r a l l y  o c c u r  a t  t h e  same l o c a t i o n s  on t h e  compartment f l o o r  or a t  t h e  same 
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seat-leg l o c a t i o n .  The peak a c c e l e r a t i o n s  i n  t h e  pelvic region of t h e  f i r s t -  
passenger  dummy were -559, -409, and -3Og f o r  t h e  pitch-down, f l a t ,  and p i t c h -  
up tests, r e s p e c t i v e l y .  The peak pelvic accelerations i n  t h e  f i r s t - p a s s e n g e r  
dummy decreased  as t h e  fuselage s t r u c t u r a l  damage on t h e  f l o o r  i n c r e a s e d .  The 
f i r s t - p a s s e n g e r  dummy moved forward i n t o  t h e  f i v e - p o i n t  r e s t r a i n t  system dur- 
ing i n i t i a l  impact i n  t h e  pitch-down tes t .  I n  t h e  p i tch-up  test, t h e  f i r s t -  
passenger dummy submarined under t h e  lap b e l t  as a r e s u l t  of t h e  dummy s i n k i n g  
i n t o  t h e  soft  seat  cush ion  and s u p p o r t i n g  diaphragm. 
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haximum v e l o c i t y  f o r  f r e e  f a l l  due t o  he ight  l i m i t a t i o n .  

TABLE 11.- ACCELERATION PEAKS ON THE PASSENGER COMPARTMEMT FLOOR 

AND AT SEAT LEGS FOR THE THREE TESTS 

I I Accelera t ion  peaks, g, a t  frame - 
T e s t  I 

I Pitch-up I -20 

I I 
P e l v i s  

-55 

-40 
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--I Figure 1.- Langley impact dynamics research f a c i l i t y .  
4 



r b l o v a b l  e b r i  dge and 
p u l l  back p l a t f o r m  

Da 

Figure 2.- Diagram of Langley impact dynamics research f a c i l i t y .  
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; /  Pullback cable 

- Suspended a i rc raf t  a t  
predetermined height 
(velocities up to 27 m/sec) 

Figure 3 .- Full-scale airplane crash- tes t  technique. 



h.l 
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Umbilical cables  

Pullback cable 

Pi tch cables  

Pitch cables  Pullback h a r n e s s  cables  

extension 

Center  of gravity’ 

F i g u r e  4.- Aircraft suspension system. 
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7 /A Water  line 0 M - Y  
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Flight ' -  +Z normal patn 4 

+Y 

+Y transverse 

+X longitudinal 

y Flight-path angle 
cy Angle of a t tack  
8 Pi t ch  angle,  

e =  

@ Roll angle  

$ Yaw angle  

F i g u r e  5.- Ske tches  i d e n t i f y i n g  f l i g h t  pa th ,  c r a s h  a t t i t u d e s ,  
axes, and f o r c e  d i r e c t i o n s .  
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(a) Pitch-down tes t .  

F l igh t -pa th  angle ,  y 
Angle of  a t t a c k ,  ci 
P i t c h  angle ,  0 
Rol l  angle ,  @ 
Yaw angle ,  @ 
Fl ight -pa th  v e l o c i t y  
P i t ch ing  v e l o c i t y  

-16 " 
4" 

-12" 
0" 
1" 

27 m / s e c  
0.37 r ad / sec  

(b) Fla t  tes t .  

F l igh t -pa th  angle ,  y -15 " 
Angle.of a t t a c k ,  a 19" 
P i t c h  angle ,  8 4" 
Rol l  angle ,  @ 0" 
Yaw angle ,  + -1 " 
Fl ight -pa th  v e l o c i t y  27  mlsec 
P i t ch ing  v e l o c i t y  0.35 r a d l s e c  

(c) Pitch-up tes t .  
I 

, I  
Angle of a t t a c k ,  a .I I 1 P i t c h  angle ,  8 

F l igh t -pa th  v e l o c i t y  
0 

-16" 
30" 
1 4  " 
1" 
0" 

27 mlsec 
62 r ad l sec  

., 

L-79-302 
Figure 6.- Airplane pretest  photographs and crash-test a t t i tudes  

and parameters. 
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Figure 7 .- Typical airplane tes t  specimen i n  crash-test preparation. 

h, 
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L-74-5953.1 
Figure 8.- General configuration of airplane interior before tes ts .  



C o p i l o t  w i t h  l a p  b e l t  

P i l o t  w i t h  l a p  b 
and s h o u l d e r  s t r  F i v e - p o i n t  r e s t r a i n t  system 

(a)  Pitch-down t e s t  specimen. 

C o p i l o t  w i t h  
and  s h o u l d e r  

P i l o t  w i t h  l a p  be 
and r e v e r s e d  shou 
s t r a p  

Second p a s s e n g e r  w i t h  l a p  
and r e v e r s e d  s h o u l d e r  

Five-po n t  r e s t r a i n t  system 

(b) F l a t  test  specimen. 

C o p i l o t  w i t h  l a p  b e l t  
and s h o u l d e r  s t r  

F i v e - p o i n t  r e s t r a i n t  system 

I 

P i l o t  w i t h  l a p  b e l t  
and s h o u l d e r  s t r a p  

(c) Pitch-up t e s t  specimen. 

F igu re  9.- Arrangement of seats, dummies, and r e s t r a i n t ' s y s t e m s  f o r  
va r ious  test specimens . 
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IDENTIFICATION 

tai 1 
11 and wings 
passengers 

Accel erometers in dummies 

Pilot, pelvic, normal* 
Pi 1 o t  , pel vi c, longitudinal ** 
Pi 1 ot, head, normal 
Pilot, head, longitudinal 
1st passenger, pelvic, normal 
1st passenger, pelvic, longitudinal 
1 st passenger, head , normal 
1st passenger, head, longitudinal .16 F8L 

*Along the spine 
**Perpendi cul ar to spine 

Figure 10.-  Diagram of accelerometer c m o n  to a l l  three test specimens. 

2C8N 
2 C8L 
2 F8N 
2F8L 
6C8N 
6C8L 
6 F8N 
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Time = 0.015 sec 

Time = 0.165 sec 

Time = 0.030 sec 

Time = 0.180 sec 

Time = 0.065 sec 

Time = 0.215 sec 

(a)  Pitch-down test .  

Time = 0.080 sec 

Time = 0.115 sec 

Time = 0.265 sec 

Time = 0.130 sec 

Time = 0.230 sec 

(b) F la t  tes t .  

Time = 0.280 sec 

6 7 9 - 3 0 3  
Figure 11 .- Crash ,- ~ ~ - -  * seuuence DhotoaraDhs for each of three tes t s .  
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Time = 0.000 sec 

Time = 0.150 S e C  

Time = 0.300 sec 

Time = 0.050 sec 

Time = 0.200 sec 

.. . . 

Time = 0.350 sec 

(c) Pi tch-up  test. 

Figure 11 .- Concluded. 

Time = 0.100 sec 

Time = 0.250 sec 

- -_-- 
I*_ I 

Time = 0.400 sec 
i 

L- 7 9- 3 0 4 
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7 Broken \.ti ndow 

Buck1 i n  

(a)  Pitch-down t e s t  specimen. 

Rivet shear 7 

(b) Flat  t e s t  specimen. 

*# ’ 4- R i v e t  shear -”\ 

(c) Pitch-up t e s t  specimen. 

Figure 12.- Postcrash comparison of airplane exterior damage of the 
three t e s t  specimens. 

679-305 
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L-74-2632.1 
(a) Separa t ion  of f u s e l a g e  on p o r t  s i d e  of fuse lage .  

L-74-2622.7 
(b) Sepa ra t ion  of cabin on s t a rboa rd  side of fuse lage .  

F igu re  7 3 .- Postcrash e x t e r i o r  damage to pitch-down test  specimen. 
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I *' 

R i r r k l i n n  ' 

G74-8081 . l  

(a)  Af t  s e c t i o n  damage on s t a r b o a r d  s i d e  of f u s e l a g e .  

L-74-8073.1 
(b)  A f t  s e c t i o n  damage on port  s i d e  o f  f u s e l a g e .  

F i g u r e  14.- P o s t c r a s h  e x t e r i o r  damage to  f l a t  test specimen. 
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I .  

L-75-3755.1 
(a) Aft section damage on port side of fuselage. 

G75-3749.1 

(b) A f t  section damage on starboard side of fuselage. 

Figure 15.- Postcrash exterior damage to  pitch-up t e s t  specimen. 
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k74-2642. I 
(a) View looking forward. 

L-74-2638.1 
(b) View looking aft. 

Figure  16.- Postcrash i n t e r i o r  damage t o  pitch-down test specimen. 
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G74-8078.1 
(a)  V i e w  look ing  forward.  

L-74-8079.1 
(b) V i e w  look ing  a t  f l o o r  through f u s e l a g e  door.  

F i g u r e  17.- P o s t c r a s h  i n t e r i o r  damage to  f l a t  tes t  specimen. 
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L-79-306 
(c) View looking aft-. 

Figure 17.- Continued. 

35 



L-74-8075.1 
(d) V i e w  of broken main wing spar. 

Figure 17.- Concluded. 



G75-3760.1 
(a) V i e w  looking forward. 

L-75-3759.1 
(b)  View looking a f t .  

F igure  18.- Postcrash i n t e r i o r  damage to. pitch-up test specimen. 
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w co 

L- 79- 307 6 7 5 - 3 7 4 8 . 1  
(c) V i e w  of floor i n  a f t  s e c t i o n  of cabin.  (d) V i e w  of floor between f i r s t -  

and second-passenger seats. 

Figure 18.- Concluded. 
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.fY6EU6E IEMS (COORDINATE 14) 

- 
0 .02 .04 .O. .OB .10 .12 .14 .1S .I8 .20 .li 2 4  .= 
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(a) Pitch-down test. 

Figure 19.- Histories of the floor-beam normal accelerations. 
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L M A I N  SPAR MIW SPAR GROLtND CONTACT r 

: .  : :  - .  

Aiccolorat Ions. 
g unlts 
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(b) Flat test. 

Figure 19.- Continued. 
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i M A I N  SPAR 

M I N  SPAR GROUND COWTACT- 'ING G"D CWiTACT- 

2 BSW 

Accoloratlons. 

g unlts 

17BWN 

1 

-1 

0 .02 .04 .08 .Q8 .IO .l: 
!!U 

.I4 .18 .18 .20 .2Z .24 .28 

Tlmo, soc 

(c) Pi tch-up  test .  

F i g u r e  19.- Concluded. 
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L M A I N  SPAR 

IN6 G R O W  CONTACT 

2BSL 

Acseler.1 lea.. i 

(a)  Pitch-down test. 

Figure 20 .- Histories of the floor-beam longitudinal accelerations. 
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Z B S L  
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17BSL 

1SB.L 

MlN SPAR GROUND CONTACT r T Y I N G  GRWWD CONTACT 

T h e .  8.c 

(b) F l a t  test. 

F i g u r e  20.- Cont inued.  
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8DSL 0 

Accelmrations. 
I units 

~ * l l l l l l ,  1 I I 11 

.14 .le .18 .20 .22 24 .a 

ZODSL 

0 .02 .04 .o. .os .lo .lZ 

Tim.. m u  

(c) Pi tch-up test. 

F i g u r e  20 .- Concluded. 
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L M A I N  SPAR 

13.811 

Accelerations. 
units 

ISDON 

17.811 

5 t . M  

35F.M 0 

- SC 
lllllllllllLllllllll l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l j l l l l l  I 

0 .02 .04 .oI .O. .10 .U .14 .le .LO .20 -22 -24 -26 

T l r o .  aoc 

(a) Pitch-down test. 

Figure 21.- Histories of roof and floor normal accelerations. 
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LMAIN SPAR 

r WIN SPAR GROUND CONTACT 

15.811 0 

Accolormtlons, 
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-50 

50 

14GSN 0 

-50 . .  . .  
50 

35F.N 0 

-50 

0 .02 .04 .06 .08 .10 .I2 .I4 .I8 .18 .a0 .22 24  .2g 

Time. 1.C 

(b) F l a t  tes t .  

F i g u r e  21 .- Continued.  
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(c) Pitch-up test. 

Figure 21 .- Concluded. 
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(a) Pitch-down test. 

Figure 22.- Histories of roof and floor longitudinal accelerations. 
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(b) F l a t  test. 

Figure 22.- Continued. 
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Accdwatloni,  
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(c) Pitch-up tes t .  

F i g u r e  22 .- Concluded. 
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LMAIN SPAR 

SEAT STARTS R O T A T l L  OLITBMRD- SEAT STOPS ROTATING OoTBDARD--, 

(a) Normal accelerations in pitch-down test. 

Figure 23.- Histories of normal accelerations on floor at first-passenger 
seat legs and in dummy. 
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L M A I N  SPAR 

SEAT STOPS ROTATING OUTBOARD 
SEAT STARTS ROTATING OUTBOARD 7 

s 
I6C.L 

--I 

-10 

(b) Longitudinal accelerations in pitch-down test. 

Figure 23.-  Continued. 
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(c) N o r m a l  a c c e l e r a t i o n s  i n  f l a t  tes t .  

F i g u r e  23.- Continued. 
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SEAT STOPS ROTATING OIKBOARD r SEAT STARTS ROTATING O U W A R D  r 

so 

16C.L 0 

-so 

(d )  Long i tud ina l  a c c e l e r a t i o n s  i n  f l a t  test. 

F i g u r e  23. -  Continued.  
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(e) N o r m a l  a c c e l e r a t i o n s  i n  p i tch-up  test. 

F i g u r e  23.- Continued.  
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SEAT STARTS ROTATIC OUTBMRD 
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Time. u c  

(f) L o n g i t u d i n a l  accelerations i n  pitch-up tes t .  

F i g u r e  23.- Concluded. 
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L- 75- 37 51 
Figure 24.- Submarined pos i t i on  of f i rs t -passenger  dummy i n  pitch-up tes t  specimen. 



Pi tch-down t e s t  
I Flat t e s t  

Pi tch-up t e s t  L d d  
-1 5' O0 15' Pitch angle 

Dummy ' s pel v i  s 
Seat leg 

Fuselage s t ructure  
679-308 

Figure 2 5 . -  Maximum normal accelerations in dununy's pelvis, on the floor a t  the first-passenger 
seat legs, and on fuselage structure. 
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